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1 
DIGITAL RADIO FREQUENCY MEMORY 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 


The present invention relates generally to processing RF 
signals in a digital format. More particularly, the present 
invention relates to a low cost digital radio frequency memory 
which allows an incoming RF signal to be processed digitally 
and then retransmitted as an analog RF signal. 


2. Description of the Prior Art 


A Digital Radio Frequency Memory (DFRM) system is 
designed to digitize an incoming RF signal at a frequency and 
bandwidth to adequately represent the signal and then recon- 
struct the RF signal when required for retransmission. Using 
DFRM provides for digital duplication of the received signal 
without the signal degradation normally associated with ana- 
log memory loops, which continuously cycle energy through 
a front end amplifier allowing greater range error during 
jamming and other applications. 


In the past digital radio frequency memories relied on high 
speed emitter coupled logic circuits to perform the function of 
delaying radio frequency signals. The engineering cost asso- 
ciated with these high speed circuits generally make commer- 
cially available DRFM systems cost prohibitive for almost all 
applications, i.e. in the range of $300,000 to $400,000 per 
system. 


Accordingly, there is a need to substantially reduce the cost 
of these DRFM systems to around $2500.00 per system, 
which makes their use cost effective. 


SUMMARY OF THE INVENTION 


The digital radio frequency memory of the present inven- 
tion includes a 14-bit digital-to-analog converter which con- 
verts a 70 megahertz (MHz) IF analog signal to a 14-bit digital 
signal. The sampling rate of conversion is 100 MHz which 
down converts the digital signal to 30 MHz. A numerically 
controlled oscillator connected to a pair of mixers down- 
converts the digitized signal to zero hertz. The mixers also 
separate the digitized signal into I and Q component signals 
which are identical except for a ninety phase shift. 


A band pass filter receives the I and Q signals and provides 
signals having an effective 16 MHz bandwidth. The I and Q 
signals are then supplied decimate by two circuit which 
reduces the sampling frequency from 100 MHz to 50 MHz, 
which allows a first-in-first-out memory (FIFO) memory to 
process t signals. The FIFO memory provides the signal time 
delay function for the I and Q signals. 


Following the signal delay provided, the I and Q signals are 
supplied to an interpolate by four circuit within an up-con- 
verter which up converts the sampling frequency from 50 
MHz to 200 MHz. An invert spectrum circuit of the upcon- 
verter compensates for an uneven number of down conver- 
sions versus up conversions. This circuit inverts the signal 
spectrum by the mathematical function Ixcos(2af)-Qxsin 
(2xf) providing an output spectrum which matches the input 
spectrum. 

A second numerically controlled oscillator connected to a 
second pair of mixers up-converts the digitized I and Q signal 
from zero hertz to seventy megahertz. A summer vectorially 
adds the I and Q component signals and the resulting 14-bit 
digital signal is re-converted into an IF analog signal. A low 
pass filter attenuates unwanted spectral components from the 
RF analog signal that exists above 80 MHz. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is an electrical schematic diagram of an RF signal 
processing circuit utilizing a digital radio frequency memory; 
and 

FIG. 2 illustrates a detailed electrical block diagram of the 
components of the digital radio frequency memory of FIG. 1. 


DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 


Referring to FIG. 1, there is shown an electrical schematic 
diagram of an RF signal processing circuit 20 which receives 
an incoming RF signal 22. A microwave antenna 24 receives 
the incoming RF signal 22. An electrical equivalent signal of 
RF signal 22 is supplied by antenna 24 to a bandpass filter 26. 
The RF signal 22 has a frequency of 14 GHz. 

Bandpass filter 26 selects a frequency which is compatible 
with a radar system the digital radio frequency memory is 
designed to operate with, passing that frequency and rejecting 
all other frequencies. The bandpass filter 26 has a passband of 
13.9 GHz to 14.1 GHz. Connected to the output of filter 26 is 
an amplifier 28 which amplifies the RF electrical signal. 

Mixer 30 receives the amplified RF electrical signal from 
amplifier 28, summing the signal with a signal generated by a 
Local Oscillator 32. The electrical signal output from mixer 
30 has a frequency of 70 MHz, which is an IF (Intermediate 
Frequency) signal. For each radar system with which circuit 
20 is used, the local oscillator 32 provides a local oscillator 
signal having a different frequency such that the electrical 
signal output from mixer 30 has a frequency of 70 MHz. 

The 70 MHz signal output from mixer 30 is supplied to a 
bandpass filter 34 having a passband of 60 MHz to 80 MHz 
and a center frequency of 70 MHz. The output signal from 
filter 34 is always tuned to 70 MHz. 

The 70 MHz RF signal from bandpass filter 34 is supplied 
to digital radio frequency memory (DFRM) 36 which con- 
verts the RF signal from analog to digital. DFRM 36 provides 
a time delay for RF signals by storing the signal. 

DFRM 36 also changes the signal frequency in the range of 
plus or minus 100,000 KHz which places a doppler on the 
signal. The doppler makes the RF signal look like an aircraft 
either traveling toward or away from circuit 20 and its antenna 
24. In addition, DFRM 36 changes the signal phase in the 
range of 0 to 359 degrees. The RF signal is reconverted to an 
analog format by DFRM 36 and supplied to a mixer 38. Mixer 
38 is also connected to the local oscillator 32 which supplies 
the same signal to mixer 38 that was provided to mixer 30. 
Mixer 38 provides at its output a 14 GHz signal which is 
identical to the signal provided to mixer 30 except for the 
three modifications to the signal caused by DFRM 36. 

The 14 GHz signal is supplied to a bandpass filter 40 which 
is tuned to 14 GHz and has a bandwidth of 200 MHz. An 
amplifier 42 is connected to the output of bandpass filter 40 
and amplifies the RF electrical signal from filter 40. Micro- 
wave transmitting antenna 44 then transmits a radio fre- 
quency signal 46 with a doppler frequency shift designed to 
simulate an approaching or retreating aircraft. 

The circuit 20 shown in FIG. 1 provides a means for simu- 
lating the RF signals from the flight of an aircraft without the 
cost associated with flying an aircraft. These cost can be as 
much as four thousand dollars an hour. 

Referring to FIGS. 1 and 2, DFRM 36 has a microcontrol- 
ler 54 which is used to program a wideband receive signal 
processor 52 and a 14-bit quadrature digital upconverter 56. 
When the microcontroller 54 first powers up, the programs 
for wideband receive signal processor 52 and a 14-bit quadra- 
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ture digital upconverter 56 are loaded into processor 52 and 
upconverter 56 via a programming bus 57. The programs set 
up the operational characteristics of processor 52 and upcon- 
verter 56 including the sample frequency, the doppler fre- 
quency, the phase shift and the range delay which are variable 
and depend upon the particular application for DFRM 36. 
Filter coefficients and gains within processor 52 and upcon- 
verter 56 are configured by microcontroller 54. 

The 70 MHz IF signal from filter 34 is supplied to a 14-bit 
high speed Analog-to-Digital converter 50. The Analog-to- 
Digital converter 50 converts the incoming analog signal at a 
100 MHz sample rate to a 14 bit digital signal. Converting the 
70 megahertz signal at the 100 MHz sample rate down con- 
verts the to a frequency of 30 MHz. The analog to digital 
converter used in the preferred embodiment is a Model 
AD6645 14-bit, 830 MSPS/105 MSPS A/D converter commer- 
cially available from Analog Devices Inc. of Norwood, Mass. 

The digitized 14 bit signal is then supplied to a pair of 
mixers 58 and 60 within processor 52. Mixers 58 and 60 are 
also connected to a 30 MHz NCO (Numerically Controlled 
Oscillator) 62. NCO 62 is also connected to microcontroller 
54 by a transmission line 59 which allows microcontroller 54 
to supply frequency and phase control signals from micro- 
controller 54 to NCO 62. 

Mixers 58 and 60 shift one signal in phase 90 degrees with 
respect to the other signal, which is generally referred to as IQ 
complex signal processing. The signal provided by mixer 60 
(Q signal) is shifted ninety degrees with respect to the I signal 
from mixer 58. 

Mixers 58 and 60 also receive a 30 MHz input signal from 
NCO 62 which down converts the digitized input signals to 
mixers 58 and 60 to a DC level or baseband level. The I and Q 
signals from mixers 58 and 60 have a bandwidth of 20 MHz 
resulting in signals that having a positive frequency (0 to +10 
MHz) and a negative frequency (0 to -10 MHz). A low pass 
filter 64 connected to the outputs of mixers 58 and 60 filters 
the I and Q signals such that the signals have frequency range 
of +8 MHz. Since the IF carrier frequency is now zero hertz, 
the 8 MHz low pass filter 64 provides a sixteen megahertz 
bandwidth since both in-phase and quadrature signals are 
processed. 

The amplitude of the I and Q signals are sampled by a 
power detector 66 with sampling data being sent to the micro- 
controller 54 via a data transmission line 68 for display on the 
monitor of personal computer 70. The I and Q signals are also 
supplied to a decimate by two circuit 72 which reduces the 
sample rate from 100 MHz to 50 MHz without losing infor- 
mation. The wideband receive signal processor 52 used in the 
preferred embodiment is a Model AD6636 150 MSPS Wide- 
band (Digital) Receive Signal Processor commercially avail- 
able from Analog Devices. 

The decimate by two circuit 72, which creates a sample 
frequency of 50 MHz, is required because Range Delay FIFO 
memory 74 is designed to operate at a sample rate of approxi- 
mately 50 MHz. The digitized signal is stored in FIFO 
memory 74. A range delay line 76 connects microcontroller 
54 to FIFO memory 74. The microcontroller 54 controls 
range delay which can be changed every ten microseconds. 
The signals are also being sent from decimate by two circuit 
72 to FIFO memory 74 at a sample rate of 50 MHz, which 
translates into a delay resolution of 20 nanoseconds. This is 
equivalent to an aircraft range step of approximately 10 feet. 
These delays within DFRM 36 allow a user to simulate an 
aircraft flying toward microwave antenna 24 and away from 
antenna 24. By manipulating time delays between transmis- 
sion of radar signal 46 and reception of return signal 22, 
DFRM 46 effectively simulates aircraft movement by either 
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increasing round trip time for the radar signal or decreasing 
round trip time for the radar signal. 

Both speed and direction of the aircraft can be modified by 
changing range delay steps using microcontroller 54 to effect 
the range delay step changes and by changing the frequency 
and phase of NCO 62. Microsecond control of range delay 
steps is required to simulate a variety of aircraft speeds. The 
range delay step for DFRM 36 is twenty nano-seconds. 

For the purpose of illustration one pulse supplied to FIFO 
memory 74 by microcontroller 52 will delay the signal from 
FIFO memory 74 by one fifty megahertz period. This simu- 
lates an aircraft traveling at relatively slow speeds. Two pulses 
in a given period will simulate an aircraft traveling at a 
slightly higher speed, and three to several hundred pulses 
during the period will simulate aircraft traveling at even 
higher speeds. 

Updates to the FIFO memory 74 from the range delay pulse 
occur at the radar pulse repetition frequency for the radar 
being simulated. 

The FIFO memory 74 used in the preferred embodiment is 
a Model 72V293L6 PF FIFO memory commercially avail- 
able from IDT corporation of San Jose, Calif. The microcon- 
troller 54 used in the preferred embodiment is a Model 
PIC18F8722 microcontroller commercially available from 
Microchip Technology of Chandler, Ariz. 

The digitized signal outputs from the FIFO memory 74 are 
supplied to 14-bit quadrature digital upconverter 56. The 
upconverter 56 used in the preferred embodiment of the 
invention is a Model AD9857 CMOS 200 MSPS 14-Bit 
Quadrature Digital Upconverter commercially available from 
Analog Devices. 

Upconverter 56 includes an interpolate by four circuit 78 
generates a sample frequency of 200 MHz which results in a 
50 MHz input signal having a sample frequency of 200 MHz 
at the output of interpolate by four circuit 78. The invert 
spectrum circuit 80 of upconverter 56 compensates for an 
uneven number of down conversions versus up conversions. 

Analog-to-Digital converter 50, which uses super nyquist 
sampling to down convert the 70 MHz signal to 30 MHz is a 
first down conversion. The mixers 58 and 60 are a second 
down conversion. However, there is only one up conversion 
which is performed by mixers 82 and 84. The invert spectrum 
circuit 80 causes an NCO 86 to output a signal of the form cos 
0+] sin 6, which causes the signal to have a vector rotating in 
the same direction as the signal input to DFRM 36. 

The 70 MHz NCO 86, which is connected through circuit 
80 to mixers 82 and 84 supplies mixers 82 and 84 with a 70 
MHz signal. The I and Q signals from invert spectrum circuit 
80 are centered at DC or baseband. Mixers 82 and 84 converts 
the I and Q signals to IF signals centered at 70 MHz signals. 
The IF signals are then vectorially added together by a sum- 
mer 88 with the resulting signal being supplied to a 14-bit 
digital-to-analog converter 90. A 70 MHz analog signal out- 
put from digital-to-analog converter 90 is supplied to an 82.5 
MHz Elliptic LP (low pass) filter 92. Filter 92 selectively 
passes the 70 MHz signal attenuating spurs and harmonics 
that are outside of the signal. 

From the foregoing, it is readily apparent that the present 
invention comprises a new, unique and exceedingly useful 
digital radio frequency memory for use in simulating aircraft 
flight, which constitutes a considerable improvement over the 
known prior art. Obviously, many modifications and varia- 
tions of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims that the invention may be prac- 
ticed otherwise than as specifically described. 
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What is claimed is: 

1. A digital radio frequency memory comprising: 

(a) an analog-to-digital converter for receiving and con- 
verting a first IF signal having a frequency of approxi- 
mately 70 MHz to a 14-bit digital signal, wherein said 
first IF signal is converted to said 14-bit digital signal at 
asampling rate of approximately 100 MHz which down- 
converts said 14-bit digital signal to a frequency of 
approximately 30 MHz; 

(b) a wideband receive signal processor for receiving said 
14-bit digital signal from said analog-to-digital con- 
verter, separating said 14-bit digital signal into I and Q 
component signals having a frequency of zero hertz and 
phase shifting said I and Q component signals by ninety 
degrees with respect to each other; 

(c) said wideband receive signal processor including a 
decimate by two circuit for dividing said sampling rate 
of approximately 100 MHz by a factor of two which 
produces a sample frequency of approximately 50 MHz; 

(d) a first-in-first-out (FIFO) memory for providing a sig- 
nal time delay by storing said I and Q component signals 
at said sample frequency of approximately 50 MHz; 

(e) a digital upconverter for receiving said I and Q compo- 
nent signals from said FIFO memory after said signal 
time delay occurs and up-converting said sample fre- 
quency of approximately 50 MHz to a sample frequency 
of approximately 200 MHz; 

(f) said digital upconverter up-converting said I and Q 
component signals from said frequency of zero hertz to 
said frequency of approximately 70 MHz and vectori- 
ally adding said I and Q component signals to regenerate 
said 14-bit digital signal which is delayed by said signal 
time delay provided by said FIFO memory; and 

(g) said digital upconverter including a digital-to-analog 
converter for converting said 14-bit digital signal to a 
second IF signal which is equivalent to said first IF signal 
and is delayed by said signal time delay provided by said 
FIFO memory. 

2. The digital radio frequency memory of claim 1 further 
comprising a low pass filter connected to the digital-to-analog 
converter of said digital upconverter, said low pass filter 
attenuating spurs and harmonics that are outside of the fre- 
quency of approximately 70 MHz of said second IF signal. 

3. The digital radio frequency memory of claim 1 wherein 
said digital upconverter includes an invert spectrum circuit 
for compensating for an uneven number of down-conversion 
of said I and Q component signals performed by said analog- 
to-digital converter and said wideband receive signal proces- 
sor when compared to the number of up-conversions of said I 
and Q component signals performed by said upconverter. 

4. The digital radio frequency memory of claim 1 further 
comprising a microcontroller connected to said wideband 
signal receive processor, said digital upconverter and said 
FIFO memory. 

5. The digital radio frequency memory of claim 4 wherein 
said microcontroller downloads programs into said wideband 
receive signal processor and said digital upconverter via a 
programming bus, said programs setting up operational char- 
acteristics for said wideband receive signal processor and said 
digital upconverter including sample frequency, doppler fre- 
quency, and phase shift. 

6. The digital radio frequency memory of claim 4 wherein 
said microcontroller provides a range delay signal to said 
FIFO memory which results in said FIFO memory providing 
for said signal time delay of said I and Q component signals 
by storing said I and Q component signals within said FIFO 
memory. 
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7. The digital radio frequency memory of claim 1 wherein 
said sample frequency of approximately 50 MHz for said 
FIFO memory translates into a delay resolution of 20 nano- 
seconds which is equivalent to an aircraft range step of 
approximately 10 feet allowing a user of said digital radio 
frequency memory to simulate an aircraft flying toward a 
microwave antenna associated with said digital radio fre- 
quency memory and away from said microwave antenna 
associated with said digital radio frequency memory. 

8. A digital radio frequency memory comprising: 

(a) an analog-to-digital converter for receiving and con- 
verting a first IF signal having a frequency of approxi- 
mately 70 MHz to a 14-bit digital signal, wherein said 
first IF signal is converted to said 14-bit digital signal at 
asampling rate of approximately 100 MHz which down- 
converts said 14-bit digital signal to a frequency of 
approximately 30 MHz; 

(b) a first pair of mixers for separating said 14-bit digital 
signal into I and Q component signals, wherein said first 
pair of mixers down-converts said I and Q component 
signals to a frequency of zero hertz and phase shifts said 
I and Q component signals by ninety degrees with 
respect to each other; 

(c) adecimate by two circuit for dividing said sampling rate 
of approximately 100 MHz by a factor of two which 
produces a sample frequency of approximately 50 MHz; 

(d) a first-in-first-out (FIFO) memory for providing a sig- 
nal time delay by storing said I and Q component signals 
at said sample frequency of approximately 50 MHz; 

(e) an interpolate by four circuit for receiving said I and Q 
component signals from said FIFO memory after said 
signal time delay occurs, said interpolate by four circuit 
up-converting said sample frequency of approximately 
50 MHz to a sample frequency of approximately 200 
MHz; 

(f) a second of pair of mixers for up-converting said I and 
Q component signals from said frequency of zero hertz 
to said frequency of approximately 70 MHz; 

(g) an invert spectrum circuit for compensating for an 
uneven number of down-conversion of said I and Q 
component signals when compared to the number of 
up-conversions of said I and Q component signals; 

(h) a summer for receiving said I and Q component signals 
from said second pair of mixers and then vectorially 
adding said I and Q component signals to regenerate said 
14-bit digital signal which is delayed by said signal time 
delay provided by said FIFO memory; and 

(i) a digital-to-analog converter for receiving said 14-bit 
digital signal from said summer and converting said 
14-bit digital signal to a second IF signal which is 
equivalent to said first IF signal and is delayed by said 
signal time delay provided by said FIFO memory. 

9. The digital radio frequency memory of claim 8 further 
comprising a low pass filter connected to said digital-to- 
analog converter, said low pass filter attenuating spurs and 
harmonics that are outside of the frequency of approximately 
70 MHz of said second IF signal. 

10. The digital radio frequency memory of claim 8 further 
comprising a first numerically controlled oscillator connected 
to said first pair of mixers, wherein said first numerically 
controlled oscillator provides a 30 MHz signal to said first 
pair of mixers which, in response to said 30 MHz signal, 
down-converts said I and Q component signals to said fre- 
quency of zero hertz. 

11. The digital radio frequency memory of claim 10 further 
comprising a second numerically controlled oscillator for 
providing a 70 MHz signal to said second pair of mixers 
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which, in response to said 70 MHz signal, up-converts said I 
and Q component signals to said frequency of said frequency 
of approximately 70 MHz. 

12. The digital radio frequency memory of claim 10 further 
comprising a microcontroller connected to said first numeri- 
cally controlled oscillator, wherein said microcontroller pro- 
grams said first numerically controlled oscillator to provide 
said 30 MHz signal to said first pair of mixers. 

13. The digital radio frequency memory of claim 8 further 
comprising a microcontroller connected to said FIFO 
memory wherein said microcontroller programs said FIFO 
memory using a range delay signal which results in said FIFO 
memory providing for said signal time delay of said I and Q 
component signals by storing said I and Q component signals 
within said FIFO memory. 

14. The digital radio frequency memory of claim 8 wherein 
said sample frequency of approximately 50 MHz for said 
FIFO memory translates into a delay resolution of 20 nano- 
seconds which is equivalent to an aircraft range step of 
approximately 10 feet allowing a user of said digital radio 
frequency memory to simulate an aircraft flying toward a 
microwave antenna associated with said digital radio fre- 
quency memory and away from said microwave antenna 
associated with said digital radio frequency memory. 

15. The digital radio frequency memory of claim 8 further 
comprising a low pass filter connected to said first pair of 
mixers, said low pass filter attenuating said I and Q compo- 
nent signals such that said I and Q component signals have a 
bandwidth of approximately 16 MHz. 

16. The digital radio frequency memory of claim 15 further 
comprising a power detector connected to said low pass filter, 
said power detector sampling the amplitude of said I and Q 
component signals from said low pass filter. 

17. The digital radio frequency memory of claim 15 further 
comprising a personal computer having a monitor for viewing 
the amplitude of the I and Q component signals sampled by 
said power detector. 

18. A digital radio frequency memory comprising: 

(a) an analog-to-digital converter for receiving and con- 
verting a first IF signal having a frequency of approxi- 
mately 70 MHz to a 14-bit digital signal, wherein said 
first IF signal is converted to said 14-bit digital signal at 
asampling rate of approximately 100 MHz which down- 
converts said 14-bit digital signal to a frequency of 
approximately 30 MHz; 

(b) a first pair of mixers for separating said 14-bit digital 
signal into I and Q component signals, wherein said first 
pair of mixers down-converts said I and Q component 
signals to a frequency of zero hertz and phase shifts said 
I and Q component signals by ninety degrees with 
respect to each other; 

(c) a first numerically controlled oscillator connected to 
said first pair of mixers, wherein said first numerically 
controlled oscillator provides a 30 MHz signal to said 
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first pair of mixers which, in response to said 30 MHz 
signal, down-converts said I and Q component signals to 
said frequency of zero hertz 

(d) a decimate by two circuit for dividing said sampling 
rate of approximately 100 MHz by a factor of two which 
produces a sample frequency of approximately 50 MHz; 

(e) a first-in-first-out (FIFO) memory for providing a signal 
time delay by storing said I and Q component signals at 
said sample frequency of approximately 50 MHz; 

(f) an interpolate by four circuit for receiving said I and Q 
component signals from said FIFO memory after said 
signal time delay occurs, said interpolate by four circuit 
up-converting said sample frequency of approximately 
50 MHz to a sample frequency of approximately 200 
MHz; 

(g) a second pair of mixers for up-converting said I and Q 
component signals from said frequency of zero hertz to 
said frequency of approximately 70 MHz; 

(h) a second numerically controlled oscillator connected to 
said second pair of mixers for providing a 70 MHz signal 
to said second pair of mixers which, in response to said 
70 MHz signal, up-converts said I and Q component 
signals to said frequency of said frequency of approxi- 
mately 70 MHz; 

(i) an invert spectrum circuit for compensating for an 
uneven number of down-conversion of said I and Q 
component signals when compared to the number of 
up-conversions of said I and Q component signals; 

(j) a summer for receiving said I and Q component signals 
from said second pair of mixers and then vectorially 
adding said I and Q component signals to regenerate said 
14-bit digital signal which is delayed by said signal time 
delay provided by said FIFO memory; and 

(k) a digital-to-analog converter for receiving said 14-bit 
digital signal from said summer and converting said 
14-bit digital signal to a second IF signal which is 
equivalent to said first IF signal and is delayed by said 
signal time delay provided by said FIFO memory; 

(1) a low pass filter connected to said digital-to-analog 
converter, said low pass filter attenuating spurs and har- 
monics that are outside of the frequency of approxi- 
mately 70 MHz of said second IF signal; and 

(m) a microcontroller connected to said first numerically 
controlled oscillator and said FIFO memory, wherein 
said microcontroller programs said first numerically 
controlled oscillator to provide said 30 MHz signal to 
said first pair of mixers, said microcontroller programs 
said FIFO memory using a range delay signal which 
results in said FIFO memory providing for said signal 
time delay of said I and Q component signals by storing 
said I and Q component signals within said FIFO 
memory. 


